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Improvements in or relating to Heterogeneous Nuclear Reactors 



We, The General Electric Company wiH n<tf be uni^ 

way, London, W.C.2.. a British Morepwr; ''^J^S^^Mmm U 
^hereby declare Jthe invention, irradiation^ 




>; 5 c^psudy^' 



fpr.yh^^ w a paten! may be jtamsel^mS 



M^and .jheVmfctlfol by which U 




-'-■■'^Y^'S^^/t?---^— — ~- 

. pf graphflte arranged end to end* usually ver- 
tically jor horizontally, some at least of the 
lines of blocks having holes wherethrough 
which are aligned to form channels for the 
20 reception of fuel devices. The core itself 
wiN usually be arranged within reflector 
blocks, which may be similarly arranged in 
tines of Mocks. On account of the assem- 
bled nature of the moderator k is necessary 
25 *° provide restraining members for the 
structure, but it is usually not possible for 
the restraining meinbers to be of the same 
material as the moderator. DiflScukies 4hen 
arise.from the differential expansion between 
30 the moderating material and the restraining 
material. It is apparent from consideration 
of tables of physical constants that many 
moderating materials hav e , prmlUr rn. 
efficients of thermal ^pancinn fhaiiw^i.^ 
35 which can ^conveniently i>e . used for the 
restraints, and this has meant that in modera- 
tor assemblies, hitherto, restraint which is 
effective at room temperature has been lost 
to a certain extent at operating temperatures 
40 of the core. Although special composite 
compensating restraint members have been 
proposed to take up this differentia! ex- 
pansion, temperatures throughout the core 
[Price 4s. 6d.] 




im^tfngtntf^ 

structure, ' r aii si 'tib^'S1tii8l»^* % u»vu 1*^3 *v 
provide a form of V.M^ini^bi£'^:iE!e 

the ;kind ; com£nstrig£ jcore;yft^re^ 
ing of an asse^y of ;bf moderating 
material, at kaat. some of which blocks con- 
tain channels jc^^ 

ments, said .chan^X^mg' ;febsianualiy 70 
-paralld to e*ch 

core structure, 're^inlnfi *: means Tfor .the 
core structure mac^ 
nion comprises a plurality of core-engaging 
assemblies spaced about the core, each said 75 
core-engaging assembly being adapted to 
exert a variable restraining force on said core 
structure in a direction substantially at right 
angles to said axis, and each said core- 
engaging assembly comprising a series of 80 
links between rodlers or the hke which are 
adapted alternately to engage the core struc- 
ture, or means in contact with the core struc- 
ture, and a support structure substantially 
surrounding said core structure, means being 85 
provided for exerting a force substantially 



25 



30 




said core struck M * I ™*»" II, W force on 
5 axis. substantially towards, said 

azy-tongs constru^on^fbv , ? h; doubted . 

tne loadinff on ? D ^ tfa, s means 

'f> reduced wlhom SSSS ,?" m ma ' * 
of rollers ; ng t0 the overall size 

there may bo a LT Jly compress on, 
".system to y bSo 5 4 te u n d 3 f0f , the restrai " 
'her object of the S£ fc - and * is a *r- 
vide a version of reaS '"T^™ to pro- 
no* be susceptWe fo ^ s S ]lt, m Which wi » 
according to a feature 0 f th t ? ndenc y- Thus 
20 tion, ,b e said force exerting preSem inven - 
arranged t0 opera* to e? e » 8 a r a ^ m ^ «* 
on .is said link as^Wv " 3 ^"f '°! ,a i forCe 
compress ve torcHMin^* S ? l as to Jnd "Ce a 
the restraff^'-f ^cores^ucture. 

^Mes then aTSfS^ 6 ^ 1 '^ 
Pairs, each pair teW^o y . arranged in 

a »»*a subsffllly o^ do^S*^ to react 
core. opposite sides of the 

^^^^ • PaX ? UeI "> the 
derived fiWafaL ?Lff" s,onaJ - may be 
sure. JfecTft fe^S^^r fluid pres- 

-« fluid WjiSES^S Sb* of 

the region nf wnicn may enter 

arranged that said flK% 11 15 Preferably 
used to cooitSfu^ fr f^lwith fluid 
u«d as coolant such ,1 I a S®B-fluid is 
helium, said jack "Se^ £^*<«ide or 
40 operated and wiM ^ U ^SS-te^as- 
* permitting Tefed^^^^ptWe 
fa>d core sfrulturf an d saTf ? meW • 
"re paraiie! to th? a ^ su PP°rting stroc. 
'"^nce.from^JL^. 3 ^ rising, far 
45 since the gas vrtH Sdw£ nMl ^"sion, 
further under reve% ^"^d stil 
by said m&JSZSSl ° f * e jack 

.«ng from loads T U *L?^ 8 rT te,n result- 
structure, as f 0r "S^ 3 ^ 1 . to the core 
earthquake shock ' ,0ads lnduc ed by 

^a^^.S^-Uc sys- 

xn said , flativSj Sot the afo re- 

«> between core sScVe ™w mov ^t 
structure. uu «ure and supporting 

reaSof^ocf^S^ for 
. . may be gaseous t^£™* i he K ma,n 

« to -ntaminationVe^rre^^Sra^ 
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said hydraulic system mav 
said gaseous S)»tom W EL£? prised by 

onal speoS^^nymj the provisj! 
^>vm in Figures l", 2 and iT? 1 " System 
Application No. 23468/sqI - i refer red to in 75 
t^iy disposed aranM?/ } ' $ for a horizon- 
t«e adap^n o? S uch a bu ' 
or otherwise amS r 5 Mem t0 vertically 
* evident to tfcSgaS h V"** 

ve **l : Figure 2 k T^^ n a J«»«re 
made section on the linfnn ba /^« nu «»- 
and Figure 3 is a aL * ll ' U of Fkure 1 • 

the drawings acmmanfXTth; 3nd - 3 of 95 
^•ficafon in^bSiff Provisional 
the core ^^Si Na 234 «8/59. 
Stocks assemWed feS* Agonal 
dicated wi*in tL , 0018 P ro Per 1 fi n . 

the recerrf.Cofflo?^ 1 ^ Channels 
control rods. The ^ r the ,nsert ion of 
rounded by a refleLr ? . proper » su r- 
he«gonaI Mo<£ i„*3 J Z 1 ? 90 ?* aI * of 
at its outer fac« i e ma,n - ow shaped inc 

Prism are arranaed •■.•2S P ? He ^ of this 
the ( ebdort ^"Sg ^4 «f-Jtan. of 

of these two edee« r^L • f Th e lower 
4 of which tte!£ re J^ m a ^"tom cradle nn 
f which is shot K£g °" s a 5 (on^y onTof M0 
formation to received 1) T £ f 831 P'aXe 
core structure ne of f he faces of the 

rx>s.tio n C if^ n ^ s radial guides 6 which m 

cradle is continued a s^, 6 VCSSel and *e 
enveloping the ^ core st ructure 7 

proviSd g at inters ^ % U "£ S 8 
"fuoture to poskK rOU " d th,s a>PPort 

provided at Q^^S&T™ are 
sure pads beine loo5£ r ces . these pres- 
Eacli pressure pfd K y J' nked ,0 S ethc r. 
which runs a S ■ Jf Lk^lS?' 10 withi " 125 
'inks ^^ib^rt "-the ' 
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to the right hand end of the core in Figure 
2, the link and roller systems being in 
doubled lazy tongs construction, (but to the 
left hand end, and in Figure 3, only one set 
3 of linked rollers is shown for clarity). 

The end rollers abut against a stop 13 
which is welded to the support structure, 
and if axial pressure is applied at the end 
14 of the link and roller mechanism pres- 

10 sure is applied between the supporting struc- 
ture 7 and the pressure pads 9, this pressure 
being transmitted radially to the core struc- 
ture. Relative movement between the sup- 
port and the core face may thus be achieved 

15 as indicated in Figure 3, to take up shrink- 
age in the core structure. 

As shown in Hgure 2, the means for 
applying axial pressure to the link and roller 
mechanism comprises a pressure rod 15 ex- 

20 tending through a shielding plug 16 which 
is contained witiun an extenson 17 from a 
tfandpipe 18 welded to the pressure vessel 3. 
The extension 17 is aJso fixed to the support 
structure so that the pressure applied to the 
link and roller mechanism is not transmitted 
to the pressure vessel. 

At the outer end of the standp^pe 18 a 
gas-operated piston 19 operates within the 
extension 17 to cause pressure to be applied 

30 to the end of - the shielding plug 16 and 
thence to the pressure rod 15. Carbon di- 
oxide under pressure is admitted to the 
chamber 20 behind the piston through a 
valve controlled inlet 21. ^Aa oil-operated 
35 ram 22 is prpvided*<d si en^ge an extension 

23 from the piston: 19. Since the oil supply 

24 for the;lr^^ by the 

^ m ^^ncd in 
conta^ of 
40 the head ofpitjf^ 
thej vaive ^ 

a damper. valve^whicli^ {x&nii tsr of } only 1 a 
smafl ratev of ffi^ bf ^ The 
ram 22 with ite associated oil supply is 
-45 duplicated, as shown, in case of failure. 

Any oil which seeps past the rams is 
retained within the chamber, 20„ whence it 
can be drained at intervals through a drain 
plug 26, so that oil does not enter the core 
50 vessel. Also by ensuring that the operating 
pressure of carbon dioxide gas for the pis- 
ton 19 is slightly higher man that of the gas 
within the pressure vessel k is ensured that 
activated gas does not leak past the piston 
19. In order to take ud pressure on the 
piston 19, for instance, while the gas sys- 
tem 21 is being serviced, an auxiliary high 
pressure oil supply is availlaWe under the 
control of the valve 27, the valve 25 being 
closed in these circumstances. 

The functions of the ga&operated piston 
and of the oil-operated ram in each unit, of 
which there are eight around the upper four 
faces of the core structure, will be clear from 
<65 the more general descriptions given above. 
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It wiM be evident that, in the particular 
structure illustrated in Figure 1, expansions 
and contractions of *he core take place 
relative to the two faces of the core resting 
in contact with the bottom cradle 4, and 70 
that in the normal operating condition only 
the pressure pads on the vertical faces of the 
core are required to maintain the shape of 
the core for which purpose onlv relatively 
smaH forces are required. However the 75 
structure as a whole is capable of with- 
standing the shock loading referred to above. 

In order that the core structure should 
not be subjected to an unbalanced force, 
the gas supplies 21 for the mechanism 80 
operating on the two vertical faces of the 
core are inter-connected, so t-hat in the un- 
likely event of the gas supply failing there 
is no danger of a sideways force being 
applied only to one side of the core. For 85 1 
_ similar reasons, the supplies to the mechan- 
isms for the other two top faces are also 
inter-connected. 

One particular advantage of the mechan- 
isms described with reference to Figures 1, 90 
2 and 3 is that they may be withdrawn from 
the pressure vessel through the stanhope 
for servicing if necessary. Also by virtue of 
the hnkage system, the bore of the stand- 
P?pe need be only of reasonable dimensions 95 
since the linkage can be reduced in width 
by extension. 

Especially where a core structure is 
jonmed of an assembly of vertical blocks, we 
have found that the present invention per- 100 
mits of a very satisfactory form of core 

?l* u ?? ,n V Tbus in this form of kructiire, 
tne^ blocks of the core are square in section 
and have (heir corner edfees clraihfexed,' to 
an appieciable extent say ^yinch r fbr a 105 
sfjuare of side 9 inches. When arranged in 
hnes substantial^ end to end, these Hocfe 
wm also be stacked as layers wn'th all four 
faces of each block butting the neighbouring 
races of other blocks. No structural con- HO 
nection is provided between each line of 
blocks, so that, with the exception of shear- 
ing forces transmitted across interfaces, each 
line is capable of transmitting compressive 
forces only. Such compressive forces in- 115 
duced by the restraint system according to 
the invention will then, be sufficient to com- 
pact the core and to maintain it so, provided 
the chamfers prevent incompatibilities 
between the lines of blocks. In a further 120 
preferred modification each vertical line of 
Wooks is made up of a group of lines of 
smaller blocks of which only the four cor- 
ner lines have one lengthwise edge cham- 
fered. Superposed blocks in each line will P5 
be spigoted, or otherwise interlocked, to the 
lower blocks, for example by a ball and 
socket type of joint. 

The core with surrounding reflector is re- 
quired to be housed within a supporting 130 
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shouJd be designed to give adequate resist- 
ance to the restraining systems operating on 
the core structure. For this purpose, the 
5 supporting .structure preferably comprises a 
hollow cylmdncal compartment. haTinV re- 
inforcing rings of suitable section spiced 
along and affixed to the exterior walLln 

10 in the drawing accompanying the provi- 

nSE J-', ° n,y ^ mner watt 31 of itbe 
p£5 «>«*»rtment is shown for sim- 

hiHE OTm Prises lines of graphite 

Nocks 32 arranged also in layers each block 

layer of Wocks is restrained between two 
20 ffi !?* roKlt eZh 



15 



suitable flanged heads on the end links 40, 
41. Ajsuitable follow-up system will also 
preferably be applied to enable the restraint 
to perform the same functions as that of 70 
the arrangement in Figure 2 ' 
WHAT WE CLAIM IS :- 
A\ £or a n heterogeneous nuclear reactor 
ot tne kuid comprising a core structure con- 

fTSfliS ""P** of btocks <* modemt. 75 

mateml. at least some of which blocks 
contra channels for the reception of fuel ' 
IZSftl being^WntfaHy 

^■ftZ^ ch 0 th *. «"» » an axis of the 
core structure, restraining means for <_ g0 

core structure comprising fpteafcy S conl 

each aid core-engaging assembly being 
to cxe * a variable restraining fore! 
^v^^* m * direrfoSS 8S 



on % " t ^:«r » c uai * **** wnacn nave on sa 
Similar carnaisc hai* W'ibW.^i.J : It' ^^?^P8^>pSem^ 



Similar carriage bare 37! wthrrou^ra ^n- 
25 structure pr6^^fe^Evf 



J*^*%*.aie adapted ttoa^efog^S-- • - 




50 io»^^^^«^ 

tojfong force on the core structure 

. o> restouit 

according to the invention that if one of the 
« *y e « ten * to .sheer relatively to the next 
55 the tensonal Irak arrangement . causes re- 
action on adjoining layers to resist such 
shearing movement This type of restraint 
b therefore inherently stable, the mass of 

*n £f ^J 6 ?*??^ 0 "^ the; relative shear- 
60 ing of its individual layers. 

lit w^l be clem: tter^Jiiikage shown in 
the drawing in Application No. J 3037/60 
may be jensioned by fluid-operated means 
«< ™!!^! Mn $ ^.^e same principles as those 
« illustrated m Figure 2. In this arrangement 



^ssssk£5& : its 

. 7. . A restraint system according to ClainV 
f-f heranfte derating fluid fofs^S 

woang u>e core of the reactor.*;- . c i; % 

». A restraint system for a eas-cooled 

wtiS^ffS Maimed iSSSShV 

wfierein said jack system is gas operated: ' 
v. A restraint system for a gas-cooled 130 
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nuclear reactor and as claimed in Claim 6, 
wherein said jack system is hydraulically 
operated. 

10. A restraint system as claimed in 
5 Claim 9, wherein the hydraulic supply for 
operating the jack system is adapted to be 
pressurised by a gas system whereby said 
hydraulic system functions as a follow-up 
to the gaseous system. 

10 II. A restraint system for a core struc- 
ture of an heterogeneous nuclear reactor of 
the kind wherein the core is formed as an 
assembly of blocks of moderating material, 
such as graphite, said blocks being arranged 

15 in substantially parallel lines of blocks sub- 
stantially end to end, said lines of blocks 
forming layers in the form of rows of blocks, 
said restraint system being characterised in 
that it comprises a plurality of pairs of 

20 roller members, one pair for one row in each 
layer, the roller members of each of said 
pairs being arranged at opposite ends of the 
associated row, and linkage members associ- 
ated with the line of roller members at each 

25 side of the core structure, whereby compres- 
sive forces may be induced in the rows of 



the lowers by applying tension between the 
extreme ends of the systems of linkage and 
roller members, and whereby relative move- 
ment between adjacent rows of said modera- 30 
tor blocks in a said layer is permitted white 
at the same time linearity of said lines of 
blocks being substantially preserved. 

12. A restraint system for the core 
structure of an heterogeneous nuclear re- 35 
actor substantialJy as hereinbefore described 
wrth reference to Figures I, 2 and 3 of the 
drawings accompanying the provisional 
S*?J on of Patent Application No. 

1 3. A restraint system for the core struc- 
ture of an heterogeneous nuclear reactor 
substantially as hereinbefore described with 
reference to the drawing accompanying the 
provisional specification of Patent Applica- 45 
tion No. 13037/60. W 

14. An heterogeneous reactor compris- 
ing a core structure restraint system as 
claimed in any preceding claim. 

For the Applicants, 
F. S. PEACHEY, 
Chartered Patent Agent. 
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